Taxonomic classification of the clinically important yeasts is a difficult task. The absence of a sexual cycle in many of these organisms makes classification schemes based on the use of teleomorphic characteristics impossible. Nutritional characteristics, including fermentation and assimilation of various substrates, have been extremely useful, but it is clear from studies of perfect genera that nutritional variation can occur among members of a clearly defined species, since a single mutation can cause loss of the ability to ferment any one carbon source. Cell morphology, particularly for fungal species that undergo dimorphic transitions, is a useful criterion and is probably significantly less sensitive to mutation than the nutritional spectrum is. However, it is also somewhat less easy to score.
An ideal approach to classification would involve the use of variations in a property which is important if not crucial to cell survival, which is easy to score, and which shows wide variation among the various organisms to be classified. It occurred to us that ribosomal DNA (rDNA) restriction fragment length polymorphisms (RFLPs) might serve as a distinguishing characteristic to facilitate the classification of clinically important yeasts. In this paper, we show that the 17S and 25S rRNA genes are sufficiently conserved among a large number of genera that one probe can be used to study rDNA in species ranging from Candida glabrata to Candida guilliermondii, that in fact the general pattern of rDNA RFLPs is conserved within species as defined by classical criteria (with the exception of Candida albicans and C. albicans var. stellatoidea), and that the variation in this parameter is sufficient to make this approach an extremely rapid and accurate way to classify isolates. (7) . Cloned rDNA probes were prepared by using nicktranslated DNAs (6) . Labeled (1) . Hybridized blots were washed by being soaked in three changes of 0.010 M Tris-0.001 M EDTA-0.1 M NaCl-0.1% sodium dodecyl sulfate-0.1% sodium PP1 at room temperature and then in two changes of the same buffer at 60°C. The blots were air dried and exposed to Kodak X-Omat-ARS film at -70°C. Whenever needed, Cronex Lightning-Plus (E. I. du Pont de Nemours & Co., Inc., Wilmington, Del.) intensifier screens were used. Sizes of bands obtained by autoradiography were determined by reference to the seven EcoRI rDNA bands of Saccharomyces cerevisiae, to a HindIII digest of X bacteriophage, and to the S. cerevisiae rDNA plasmid described by Petes et al. (5) .
Isolation of rDNA plasmids from C. albicans. An incomplete library of C. albicans genomic DNA was prepared by ligating fragments from a Sau3A partial digest into the BamHI site of plasmid pUC8 and transforming into Escherichia coli HB101. The library was screened by colony hybridization with partially hydrolyzed rRNA as a probe. Two positive plasmids were identified and purified, and the insert was shown to hybridize to 18S RNA (for p5i) and 25S RNA (for plf). These plasmids were then used to probe genomic restriction digests to identify the fragments that encode the two species of rRNA.
encouraging. With most C. albicans strains, this enzyme gave three hybridizing bands, one at 6.4 kilobases (kb) (A), one at 3.75 kb (B), and a third at 2.6 kb (C). We call this the standard or classic C. albicans pattern. These patterns were generally quite reproducible among strains of this species, but, as discussed below, there are some differences. Figure  1 shows a typical gel with separated digests of 12 strains of C. albicans. The classification of each of these strains was verified by Analytab Products tests (a classification approach based on the nutritional spectrum, marketed by Analytab Products, Plainview, N.Y.), and by the observation that they made germ tubes and chlamydospores. It is apparent from Fig. 1 that there are differences in several strains (1810, 1840, AA, FF, and IAM 4996) . These include extra bands of about 6.0 kb in 1810 and 6.8 and 5.8 kb in 1840 and a decrease in the size of the 2.6-kb band to around 2.5 kb in AA, to 2.4 kb in 1840 and FF, and to 3.1 kb in IAM 4996 (which also has a band of 6.6 kb in place of the 6.4-kb band). The extra bands in CBS 5736 are most probably partial digests. Also shown for comparison in the figure is the pattern of S. cerevisiae AH-22. It is evident that the S. cerevisiae AH-22 bands are very different in size from those of C. albicans. Thus, for the 12 C. albicans strains, there are six classes distinguishable by variation of the EcoRI restriction fragment lengths. However, of the six classes, one contains seven members and the rest contain one member each. Thus, there seems to be a common pattern with relatively frequent variations.
EcoRI RFLPs and HinfI are reliable ways of determining the species of medically important yeasts. The observation that a single probe would hybridize with a large number of C. 
RESULTS
Some strains of C. albicans vary in the fragments generated by EcoRI from their rDNA repeats. We originally observed that the S. cerevisiae rDNA clone (5) could be used to probe a blot of C. albicans genomic DNA; thus there was a great deal of homology between the rDNAs of these two strains. In an attempt to find an enzyme which gave a reasonable number of well-separated bands, we examined the restriction patterns generated by EcoRI, HindIII, XbaI, KpnI, XhoI, and EcoRV. The results with EcoRI were most Candida species to see whether we could reliably distinguish among medically important isolates. The bands corresponding to the rDNA and to other highly reiterated sequences make the patterns of the digests from the various strains distinguishable on ethidium bromide-stained gels; no blotting is needed (Fig. 2A) . The bands from FC18 and STN57, typical C. albicans strains, are shown, along with the digests of two C. stellatoidea strains; although the small number of phenotypic differences between C. albicans and C. stellatoidea has led to the suggestion that these two organisms ought to be considered a single species, the RFLPs from reiterated DNA are distinct. The difference in the rDNA genes, however, appears to be due to a single restriction site change (see below). Two C. tropicalis strains are shown, whose patterns, although similar among themselves, diverge quite clearly from those of any of the other organisms. C. glabrata, C. parapsilosis, C. guilliermondii, Schizosaccharomyces pombe, and S. cerevisiae patterns are also shown. The patterns of each of these species differ from all others tested and are reproducible within the species for which more than one strain has been examined (which includes all except Schizosaccharomyces pombe and C. parapsilosis). Figure 2B shows the rDNA blots of several strains. Each has its characteristic bands: in addition to the species shown in Fig. 1 figure. It was assumed that fragments that hybridized with the Hinfl probe contained the 5S RNA, that those complementary to pSi contained the 18S RNA, and that homology to plf marked the 25S RNA. The unlabelled vertical lines mark EcoRI sites. There are a large number of Hinfl sites in the C. albicans rDNA, and only the two that generate the large Hinfl fragment are indicated. These vary from strain to strain (cf. Fig. 3 ).
digested DNA from the same Candida species shown in Fig.  2A . It is clear that this enzyme, which has a 4-base specificity, also yields fragments which are typical of particular species. However, polymorphisms are apparent in each of the pairs of strains shown. In the C. albicans strains, the largest band is 4.8 kb in FC18 and 6.1 kb in STN57, and in the C. stellatoidea pair, the variation is about 0.5 kb. For the C. tropicalis strains, the Hinfl patterns are quite dissimilar, although there are several bands in common. For the C. glabrata strains, there is a band at about 2.7 kb in 81-011 which is absent in 85-038, but the other two observable bands are similar. Since all these pairs have identical EcoRI rDNA patterns, the Hinfl patterns may be an excellent way of differentiating among isolates of a given yeast.
Organization of the rDNA genes in Candida species. Blots analogous to those in Fig. 2B were probed with the plasmids pSi and plf, which contain portions of the C. albicans 18S and 25S RNA genes, respectively (data not shown). In addition, digestion of C. albicans DNA with Hinfl gives a highly repeated fragment which gives a very weak signal when probed with the rDNA plasmid but which hybridizes moderately strongly with the S. cerevisiae rDNA plasmid when isolated and nick translated itself. We explain this by the argument that the fraction of the rDNA plasmid which is homologous to the Hinfl band is a small fraction of the total DISCUSSION The first important point to be made about the findings we report here is that the yeast taxonomists have done a generally excellent job. All the species we examined by the RFLP method have proved to be reasonably homogeneous internally and quite distinct from other species. A striking finding was that C. stellatoidea and C. albicans are distinct by this criterion, although their biochemical and physiological phenotypes are quite similar. Their electrophoretic karyotypes, however, are quite different (B. B. Magee and P. T. Magee, J. Gen. Microbiol., in press). Detailed restriction mapping of the rDNA genes of these two organisms suggests that the difference is due to a single EcoRI site change; i.e., both have three EcoRI sites in the rDNA repeat, but in C. albicans they are spaced at 0, 6.4, and 3.6 kb and in C. stellatoidea they are at 0, 6, and 4 kb (Fig. 4) .
The large differences in the restriction patterns for the rDNA regions of the various Candida species may serve as a rapid means of differentiating among these organisms. The ethidium bromide-stained gels can be used to differentiate quite easily among these organisms ( Fig. 2A) . A Hinfl digest is also definitive for distinguishing C. albicans and C. stellatoidea from other Candida species. This 4-base-pairspecific enzyme generates a very large number of polymorphisms and may be useful in conjunction with EcoRI in biotyping clinical isolates. This approach may therefore prove to be convenient to use for identification to species level and for biotyping at the level of clinical investigation.
The variations in restriction patterns in the C. albicans strains seem to point in some cases to heterozygosity for the rDNA genes. For example, strains 1810 and 1840 both have the ABC pattern but show additional bands. The best explanation for this is that the organization on one chromosome differs from the organization on the other. Petes (4) and Szostak and Wu (9) have shown that in S. cerevisiae, gene conversion tends to correct such differences, so that the rDNA in diploids becomes homogeneous with respect to RFLPs, but this occurs during meiosis. This phenomenon may occur during vegetative growth in C. albicans. If so, it would account for the seeming homozygous variants from the majority case, such as FF and IAM 4996.
In Histoplasma (Emmonsiella) capsulatum, both mitochondrial DNA and rDNA show variation in restriction enzyme sites (10) . The variation in mitochondrial DNA has been more carefully examined than the one in rDNA, but in strains representing the three classes found by mitochondrial DNA differences, the rDNA patterns varied a great deal. This is somewhat surprising, given the fact that H. capsulatum is a perfect fungus, has a sexual cycle, and thus might be expected to correct polymorphisms during meiosis as does S. cerevisiae.
The recent observation by Suzuki et al. (8) that C. albicans and C. guilliermondii are to a limited extent intprfertile, despite a large number of phenotypic differences, is interesting in the light of the very large differences in the rDNA restriction patterns we found in the two species. However, there are several varieties of fungi (e.g., Issatchenkia sculata var. sculata and I. sculata var. oxigua) in which conjugation and viable meiotic progeny are produced with 25% DNA homology (3) . One would imagine that RFLPs in a conserved region are a less sensitive, although more convenient, measure of relatedness than DNA-DNA homology, so that C. guillermondii and C. albicans may be more closely related than the two Issatchenkia species.
The observations reported here may have some implications for clinical mycology. It seems quite possible that RFLPs are very useful in biotyping various strains of C. albicans, thus both aiding in studies of the epidemiology of the infections and possibly allowing the identification of virulent strains (if such exist). At least they may aid in studies of reinfection versus relapse and autoinfection in susceptible patients. A broader survey is, of course, needed to determine whether the differences we found are common or rare in clinical isolates.
A second area of clinical interest is whether the differences among species could be exploited for rapid laboratory identification of these organisms. The fact that even on a stained gel the fragment pattern is so characteristic may mean that species identification can be made without hybridization. If this is so, simplified DNA preparation may be all that is required to place the technique at the disposal of clinical laboratories.
